A search for B + → D + s K + K − decays is performed using pp collision data corresponding to an integrated luminosity of 4.8 fb −1 , collected at centre-of-mass energies of 7, 8 and 13 TeV with the LHCb experiment. A significant signal is observed for the first time and the branching fraction is determined to be
where the first uncertainty is statistical, the second systematic and the third due to the uncertainty on the branching fraction of the normalisation mode , using input from lattice calculations [7] [8] [9] . These predictions are in the range (1−7)×10 −7 , where the limit on the precision is dominated by hadronic uncertainties. However, additional diagrams contributing to this decay can arise in some extensions of the SM, such as supersymmetric models with R-parity violation. They could enhance the branching fraction and/or produce large CP asymmetries [4, 5] , which makes the B + → D + s φ decay a promising place to search for new physics beyond the SM. 
where the first uncertainty is statistical, the second is systematic and the third is due to the uncertainty on the branching fraction of the decay B + → D + s D 0 , which was used as normalisation. Given the large uncertainties on both the theoretical and experimental values, the previously measured value is consistent with the range of SM values given above. The measurements presented in this paper reanalyse the data collected in 2011, whilst adding data corresponding to an integrated luminosity of 2 fb −1 collected at a centre-of-mass energy 8 
Detector and data sample
The LHCb detector [12, 13] is a single-arm forward spectrometer covering the pseudorapidity range 2 < η < 5, designed for the study of particles containing b or c quarks. The detector includes a high-precision tracking system consisting of a siliconstrip vertex detector surrounding the pp interaction region, a large-area silicon-strip detector located upstream of a dipole magnet with a bending power of about 4 Tm, and three stations of silicon-strip detectors and straw drift tubes placed downstream of the magnet. The tracking system provides a measurement of momentum, p, of charged particles with a relative uncertainty that varies from 0.5% at low momentum to 1.0% at 200 GeV/c. The minimum distance of a track to a primary pp interaction vertex (PV), the impact parameter (IP), is measured with a resolution of (15 + 29/p T ) µm, where p T is the component of the momentum transverse to the beam, in GeV/c. Different types of charged hadrons are distinguished using information from two ring-imaging Cherenkov detectors. Photons, electrons and hadrons are identified by a calorimeter system consisting of scintillating-pad and preshower detectors, an electromagnetic calorimeter and a hadronic calorimeter. Muons are identified by a system composed of alternating layers of iron and multiwire proportional chambers. The online event selection is performed by a trigger, which consists of a hardware stage, based on information from the calorimeter and muon systems, followed by a software stage, which applies a full event reconstruction.
At the hardware trigger stage, events are required to have a muon with high p T or a hadron, photon or electron with high transverse energy in the calorimeters. Two different algorithms are used in the software trigger to select candidates for this analysis. The first uses a multivariate algorithm [14] to identify the presence of a secondary vertex that has two, three or four tracks and is displaced from any PV. At least one of these charged particles must have a transverse momentum p T > 1.7 GeV/c and be inconsistent with originating from a PV. The second algorithm selects φ candidates decaying to two charged kaons. Each kaon must have a transverse momentum p T > 0.8 GeV/c and be inconsistent with originating from a PV. The invariant mass of the kaon pair must be within 20 MeV/c 2 of the known φ mass [11] . This algorithm is used in both the search for
Simulated events are used to determine the relative efficiencies of the signal and normalisation channels. The samples are generated for each of the running periods. In these simulations, pp collisions are generated using Pythia [15, 16] with a specific LHCb configuration [17] . Decays of hadronic particles are described by EvtGen [18] , in which final-state radiation is generated using Photos [19] . The interaction of the generated particles with the detector, and its response, are implemented using the Geant4 toolkit [20] as described in Ref. [21] . [11] . In the search for 
, separately in the Run 1 (2011 and 2012) and Run 2 (2015 and 2016) data. A preselection including the trigger, vetoes and PID requirements previously discussed is applied to the training samples, ensuring they are representative of the target signal decays. The samples are split into two subsamples in a random but reproducible way. One is used to train the corresponding MVA, the other to test its response.
The MVA method used in this analysis is a gradient Boosted Decision Tree (BDTG) [24] . The selection criteria for each of the BDTG classifiers are determined by optimising the figure of merit s /( 
Invariant mass fits
The branching fractions of the B + → D (Fig. 2) , to help constrain the contribution from the different backgrounds in the signal region. Background modes involving two kaons that did not originate from a φ meson (for example B Table 1 . 
(15 ± 2)% (10 ± 1)% (10, 40) (45 ± 2)% (30 ± 1)%
Signal and normalisation probability density functions
The normalisation and signal components in the
s φ invariant mass distributions are each modelled using the sum of two Crystal Ball (CB) [27] probability density functions (PDFs) with tails at lower invariant mass. The tail parameters, the ratio of the two CB widths, and the relative fraction of each CB function are determined from simulated events. The resolution parameter of the narrow CB component in each D + s decay mode category is a free parameter in the fit, but the ratios of signal and normalisation widths are fixed to values determined from simulated events. For the normalisation mode, the fraction of B + → D + s D 0 candidates in the two helicity bins is a free parameter in the fit, whereas for the signal the fraction in each helicity and m(K + K − ) invariant mass category of the fit is fixed to that determined from simulated events, as reported in Table 2 . A systematic uncertainty is assigned to account for the fixed fractions assumed in the fit. No attempt is made to separate any of the contributing resonances in the search for 
Background PDFs

Systematic uncertainties
A number of different sources of systematic uncertainty are considered. The contribution from each source is detailed in Table 3 .
Relative efficiencies: The calculation of the branching fractions requires a correction to the ratio of signal and normalisation yields to account for the difference in the selection efficiency of the two modes. All relative selection efficiencies except the PID and MVA efficiencies are determined from simulated events and the effect of having a limited simulation sample size is included as a systematic uncertainty. The relative efficiency for the PID and MVA requirements are determined from data control modes, including the samples of B 
The result of the fit to the data using the model described in Sec. 4.1 is overlaid, with the PDF components given in the legend. 
The systematic uncertainty from the normalisation branching fraction is also included. Background PDFs: Some of the PDFs for the background modes are taken directly from simulated events using one-dimensional kernel estimations [30] . In the nominal fit, these are smeared to account for the differences in the mass resolution between data and simulation. To account for any systematic uncertainty arising from the choice of resolution difference, the fit is repeated, randomly varying the smearing resolution each time. The resulting variation in the branching fraction is assigned as a systematic uncertainty. Additionally, each partially reconstructed background PDF has fixed fractions in the different categories of the signal fit. To determine the effect on the branching fraction, these fractions are repeatedly sampled from Gaussian distributions with widths given by the statistical uncertainty on the fractions. For the combinatorial background shape, the choice of parametrisation is varied and the effect included in the systematic uncertainty.
Source of uncertainty B(B
Charmless contribution: Residual charmless and single-charm backgrounds are ex-pected to remain in the final selection. These contributions are neglected in the calculation of the branching fractions. However, the shift in the branching fraction caused by numerically including the charmless yields is assigned as a systematic uncertainty. Estimates of the uncertainties on the fractions are determined by considering the range in each fraction for the models considered. The variation in the branching fraction that results from varying these fractions within the uncertainties is assigned as the systematic uncertainty.
Results
Search for
candidates. This constitutes the first observation of this decay mode. The branching fraction is calculated as
is the yield of normalisation decays, and
where W i is the per-candidate weight, as determined by the sPlot technique for candidate i; and ratio i represents the relative efficiency of the signal and normalisation modes
The corrected yield ratio can be expressed as the ratio of signal and normalisation branching fractions using Eq. 2. The value is measured to be
where the first uncertainty is statistical, and the second is systematic. The branching fraction for
where the first uncertainty is statistical, the second is systematic and the third from the branching fractions of 
where the branching fraction B(φ → K + K − ) = 0.489 ± 0.005 has been used [11] . The free variable R is defined to be the ratio of the signal and normalisation yields, corrected for the selection efficiencies. The yield of signal candidates in each D + s mode is constructed from R and the normalisation yield for the given D
. The product of these two quantities is corrected by the ratio of selection efficiencies
The simultaneous fit measures a single value of R for all D + s decay mode categories. From an ensemble of pseudoexperiments, R is distributed normally. It can be written as the ratio of signal and normalisation branching fractions using Eq. 4. The value is determined to be
where the first uncertainty is statistical and the second systematic. This corresponds to a branching fraction for
where the first uncertainty is statistical, the second systematic, and the third results from the uncertainty on the branching fractions B(
. Considering only the statistical uncertainty, the significance of the B + → D + s φ signal is 0.8 standard deviations (σ). Upper limits at 95% and 90% confidence levels (CL) are determined using the FeldmanCousins approach [31] . An ensemble of pseudoexperiments is generated for different values of the branching fraction B(B + → D + s φ). These generated pseudoexperiments are then fitted with the nominal fit model to calculate the fitted branching fraction and associated statistical uncertainty, σ stat . This method constructs confidence bands based on a likelihood ratio method, calculating the probability of fitting a branching fraction for a given generated branching fraction. This probability is assumed to follow a Gaussian distribution with width σ = σ 2 stat + σ 2 syst , where σ stat and σ syst are the statistical and systematic uncertainties. The dominant source of systematic uncertainty in this measurement is from the background PDFs. As the size of this uncertainty is not expected to vary as a function of the generated branching fraction, σ syst is assumed to be constant. Nuisance parameters are accounted for using the plug-in method [32] . The generated confidence bands are shown in Fig. 6 , where the statistical-only 90% CL and 95% CL bands are shown, along with the 95% CL band with systematic uncertainty included. This corresponds to a statistical-only 95% (90%) CL limit of B(B + → D 
Conclusions
A search for
The branching fraction is determined to be
where the first uncertainty is statistical, the second systematic and the third is due to the uncertainty on the branching fraction of the normalisation mode
. This is the first observation of this decay mode. A search is also performed for the pure annihilation decay B + → D + s φ, but no significant signal is observed and a limit of
is set on the branching fraction at 95% (90%) confidence level. The limit on B(B + → D + s φ) presented here supersedes the previous result from LHCb [10] .
This updated analysis benefits from the significantly larger data sample now available at LHCb to increase the reach of these searches. The previous measurement performed by LHCb reported evidence for the decay B + → D + s φ with a significance greater than 3σ. [14] V. V. Gligorov and M. Williams, Efficient, reliable and fast high-level triggering using a bonsai boosted decision tree, JINST 8 (2013) P02013, arXiv:1210.6861.
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